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Abstract
A direct search at CDF for an exotic Higgs boson that decays to invisible particles is reported. The simplest
H → invisible Standard Model (SM) process has a branching ratio of 10−3. However, Higgs boson decays to invisible
particles can be signiﬁcantly enhanced in many BSM models. One of the cleanest signatures in searching for this
process is when the Higgs boson is produced in association with a Z boson that decays to a charged dilepton pair. In
this analysis we model the ZH signal assuming the SM production cross section and a H → invisible branching ratio
of 100%. We investigate several Higgs mass hypotheses from 115 to 150 Gev/c2, and place 95% credibility level
limits on Higgs boson production in this ﬁnal state. The results here use the full CDF data set corresponding to 9.7
f b−1 of luminosity.
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1. Introduction
The simplest H → invisible process is highly sup-
pressed in the SM. However, beyond-the-SM scenar-
ios allow for enhanced H → invisible decay rates that
are potentially observable by collider experiments. In
this analysis, we search for a H → invisible process
in the ZH associated production mode. Despite the
suppressed cross section relative to gluon fusion, the
ZH production mode allows one to trigger on leptonic
decays of the Z. For this analysis, we reconstruct Z
candidates by combining e+e− and μ+μ− dilepton four-
momenta. We do not explicitly reconstruct Z → τ+τ−
processes, but as we are not able to infer the missing
energy from neutrinos, we gain some acceptance from
τ+τ− decays to same-ﬂavor ﬁnal states. Events with
e±μ∓ pairs are used as a control region to test back-
ground modeling, as well as events with same-sign,
same-ﬂavor lepton pairs. The event selection is de-
scribed below.
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2. Event selection
Events are collected using high-pT muon and high-
ET electron triggers. We require the ﬁnal state in the sig-
nal region to have exactly two same-ﬂavor, oppositely
charged leptons.
In order to suppress backgrounds, we require various
event-selection criteria. The dilepton transverse mo-
mentum must be at least 45 GeV/c, we accept no events
where a reconstructed jet with ET ≥15 GeV satisﬁes
Δφ(ll, J) ≥ 2.0 radians, the azimuthal separation be-
tween theETand closest leading lepton must be at least
0.5 radians
3. Data Modeling
The expectation and modeling of signal and back-
ground processes are determined using diﬀerent Monte
Carlo (MC) simulations including a GEANT-based sim-
ulation of the CDF II detector [5]; CTEQ5L parton dis-
tribution functions (PDFs) are used to model the mo-
mentum distribution of the initial-state partons [6]. The
WZ, ZZ, Z+jets, and tt processes are simulated using
PYTHIA [7] while WWis simulated using MC@NLO
[8]. Wγ background is modeled with the Baur event
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generator [9]. Each simulated sample is normalized
to the theoretical cross section calculated at next-to-
leading order in QCD using [10]. W+jets background is
data driven. For the Z+jets background, we normalize
the prediction to the data by a factor of s f = 1.7 ± 5%
in the region from 0 <ET< 40 GeV. After this multi-
plicative correction, a (+3 ± 33%) GeV correction in
theETvalue is applied only for Z+jets events.
3.0.1. Signal Region deﬁnition
For the signal region, we additionally require:
• Reconstructed l±l± dilepton pair, where l is an elec-
tron or muon
• Dilepton invariant mass that lies in the union 82 <
Mll < 100 GeV/c2
• Azimuthal separation between the ETand closest
leading lepton to be at least 0.5 radians
• Missing transverse energy of at least 60 GeV
The event yields in the signal region are listed in Table
[1]:
Table 1: Expected and observed number of events pass-
ing the kinematic requirements deﬁning the signal re-
gion
ZH → l+l− + invisible (signal region)
CDF Run II Preliminary, L=9.1fb−1
ZZ 27.2 ± 2.9
WW 19.2 ± 1.8
WZ 13.7 ± 1.5
Z+jets 7.1 ± 3.1
W+jets 3.8 ± 0.6
tt 5.5 ± 0.9
Wγ 0.5 ± 0.1
Total prediction 76.9 ± 7.2
Data 78
ZH (mH = 125 GeV/c2) 8.2 ± 1.3
The uncertainties on the total prediction include the
correlations between the various systematic uncertain-
ties that are taken into account (and described below
Sec[3.1]).
3.1. Systematic uncertainties
We take into account various systematic uncertainties
by introducing nuisance parameters. The values of the
uncertainties used are shown here in Table [2] :
Figure 1: Signal region ΔR(ll) between leptons
Table 2: Table of the Systematic uncertainties consid-
ered in the measurement
ZH → +− + invisible CDF Run II Preliminary, L = 9.7 fb−1
Systematic Uncertainties (%) ZZ WZ WW tt¯ W+jets Z+jets Wγ ZH
Theory cross section 6 6 6 10 33 10 5
NLO acceptance 5 5 10 5 10
Luminosity 5.9 5.9 5.9 5.9 5.9 5.9
Electron conversion 10 5.9
Jet-energy scale 2 4 1 4 28 3 1
Initial/ﬁnal state radiation 8
Fake lepton rate 15
Lepton ID 3 3 3 3 3 3
Trigger eﬃciency 2 2 2 2 2 2
As the W/Z+jets samples are largely derived from
data, many of the systematic uncertainties common to
the other samples are not applicable. Note also that the
primary eﬀects that could cause a shape variation in the
ﬁnal discriminant are the jet-energy scale, and initial-
and ﬁnal-state radiation. Because we do not cut explic-
itly on the number of jets in the ﬁnal state, but rather
we veto an event if a jet is in relative proximity with
the ETvector, the jet-energy scale and gluon radiation
eﬀects translate to rate uncertainties. Therefore, we in-
clude no variations in the ΔR(ll) shape in our treatment
of the systematic uncertainties.
4. Results
Results are obtained by constructing a likelihood
function that is the product of Poisson probabilities for
each bin of the ΔR(ll) distribution. The sensitivity of
the analysis to excluding the Higgs boson signal is de-
graded by accounting for systematic uncertainties, as
described above. This is included by scaling the like-
lihood by each of the nuisance-parameter prior proba-
bility densities, which are truncated when necessary to
ensure non-negative event yields. To estimate the sensi-
tivity of the analysis, we run many pseudo-experiments
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by drawing random combinations of nuisance parame-
ter values from the prior probability densities. As we
are testing to exclude a hypothesis (the presence of ZH,
where H →invisible), we include no signal contribu-
tions to the mean values of the Poisson probabilities. We
use a non-negative uniform prior for the signal strength
R, which is the ratio between the observed and assumed
signal cross sections. The upper limit R95 is obtained
by integrating over all nuisance parameters except for
R and ﬁnding location of the posterior probability that
corresponds to an integral of 95%.
This procedure is repeated for each pseudo-
experiment, and the median and 1- and 2-standard devi-
ation variations of the resulting R95 distribution are ex-
tracted, where the median represents the expected over-
all sensitivity to excluding the signal hypothesis. Fi-
nally, this procedure is performed for data, where a sin-
gle value of R95 is determined. This process is done for
each assumed Higgs boson mass. The normalization of
the signal is chosen such thatB(H → invisible) =100%.
Hence any observed limit that lies below a limit of 1 ex-
cludes B (H → invisible) =100% at 95% credibility
level. The results are shown in Fig. 2
Figure 2: 95% credibility limits for Higgs boson
production normalized to the assumed prediction for
σZH,SM × B(H → invisible). The branching ratio is as-
sumed to be 100%, whereas the production cross section
is assumed to be the SM prediction for ZH production.
The limits can be renormalized such that the
B (H → invisible) =100% assumption is removed, and
we place a upper limits on B (H → invisible) itself.
To do this, we do not include the uncertainty on the
ZH theoretical uncertainty as the ZH signal no longer
serves as the normalization factor: We therefore ex-
clude cross section values of H → invisible, produced
in association with Z → l+l−, smaller than 90 fb at a
Figure 3: 95% credibility limits for σZH × B(H →
invisible). No assumption on the cross section or
branching ratio is made for the expected and observed
results. The SM prediction assuming H → invisible
branching ratio of 100% is also shown.
Higgs boson mass of 125 GeV/c2.
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